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Abstract 
An increase in environmental concern invites the development new eco friendly materials having light weight and superior 
mechanical performance. In this connection an attempt is made to manufacture composites reinforced with long time exposed 
dora hemp fibre at ambient conditions into the unsaturated polyester resin. The fabricated composite specimens are processed at 
P1, P2 and P3 conditions to assess their mechanical performance as per ASTM procedures. Out of all the composites investigated 
in the present work the dora hemp composites at P2 have shown good tensile and flexural properties, whereas the highest impact 
strength is achieved for the composites at P1. Hence this class of natural fibre composites is suitable for making automobile 
components after thorough investigation of necessary parameters.              
© 2014 The Authors. Published by Elsevier Ltd. 
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1. Introduction 
The name “hemp” belongs primarily to the plant Cannabis sativa. It has long been used to designate also the long 
fibre obtained from the hemp plant. Hemp fibre, being one of the earliest and best known textile fibres and until 
recent times the most widely used of its class, has been regarded as the typical representation of long fibres. 
Unfortunately its name also came to be regarded as a kind of common name for all long fibres, until one now finds 
in the market quotations “Manila hemp” for abaca, sisal hemp for sisal and henequen, Mauritius hemp for Furcraea 
fibre, Newzealand hemp for phormium, sunn hemp for Crotalaria fibre, and India hemp for jute, while the name is 
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never applied to flax, which is more nearly like hemp than any other commercial fibre. The true hemp is known in 
different languages by the following names: cannabis, Latin; Gogu, Telugu [1]. 
 
Nomenclature 
FRP Fibre Reinforced Polyester  
P1 Process condition 1 
P2 Process condition 2 
P3 Process condition 3 
Vf                 Fibre volume fraction 
 
Throughout the record history, the people of Asia, Africa and parts of the Europe have used hemp for fibre and 
enjoyed the rich nutritional value of hemp seed foods. The Greek historian Herodotus recorded that the hemp was 
used in the manufacture of linen in Scythia. The first known fabric, from 8,000 – 7,000 BC, as apparently woven 
from hemp fibres. The Chinese emperor and physician Shen Nung who lived around 2300 BC, made the first 
recorded references to Cannabis. He recommended doctors to use the hemp superior elixir of immortality to treat 
patients with everything from constipation and menstrual cramps to depression gout. Archeological evidence proves 
hemp has been cultivated since prehistoric times with earliest findings at a 12,000 year old Neolithic site at Yuan-
shan in Taiwan. Hemp is mentioned in Buddhist doctrines dated ca. 500 BC. IN 16th century BC the Egyptian Ebers, 
Papyrus recorded the medicinal use of cannabis. In 6th century Persia, a preparation called Sahdanag (meaning royal 
grain) was made from hemp seeds for use in the spiritual matters of royalty [2]. 
The bast fibres, renewable as they are by agricultural efforts, grow and appear in the form of bundles or strands 
of lingo-cellulosic fibres surrounding the stem and beneath the outer bark of some dicotyledenous plants. They 
provide strength to the plant and help to hold it to erect. Bast fibres are built of clusters of long, thick-walled cells 
overlapping one another in the axial direction and are cemented together by intercellular non-cellulosic materials to 
form the continuous strands that may eventually run along the entire length of the plant stem. The strands of the bast 
fibres are commonly released from the cellular, woody tissue of the stem by a process of natural degradation and 
decomposition called retting or controlled rotting [3].   
After conducting literature survey of nearly one thousand papers on natural fibre reinforced polymer composites, 
some key results related to hemp FRP composites are given below. By using biological processes and steam 
explosion fibre bundles were degummed and integrated into the brittle poly (3-hydroxybutarate-co-hydroxyvalerate) 
matrix and into the ductile co-polyester amide matrix by means of a co-rotating twin screw extruder. The composites 
processed by this method resulted in the tensile strength of the ductile material was almost doubled by the 
reinforcement with 27 % of fibres to 30 MPa, the young’s modulus was quadrupled to 3.5 GPa [4]. Using 
unsaturated polyester resin, Industrial raw hemp, green hemp fibres composites were manufactured to 
experimentally assess their structural and material performance [5].  
The composites made by hot pressing through the combination of long hemp fibre (without and with alkalization) 
and polyester resin were subjected to mechanical tests. For the hemp polyester composites a high flexural modulus 
and a high flexural strength are associated with a low work of fracture [6].  A series of experiments has been carried 
out to characterize the residual tensile and fatigue properties following impact of non-woven hemp fibre mat 
reinforced polyester [7]. As a whole from the literature review it is concluded that the authors have taken many 
efforts in introducing variety and variability of hemp fibres (short, long) and were untreated, chemically treated, to 
reinforce into diversified matrices for making composites and to achieve good properties. Srinivasababu Nadendla 
[8] made an attempt in 2014 to introduce long time dora hemp fibre and its composites to assess their mechanical 
performance due to the: (1) reinforcement of long time dried fibre, (2) post curing of composites at 70 0C. His 
experimentation was continued and further work is carried on post cured composites at 150 0C and the results were 
published elsewhere [9]. Hence an attempt is made in the present work analyze the mechanical performance of the 
composites which are post cured in NSW Oven Universal at a temperature of 100 0C. The obtained results are 
compared with available values of the hemp FRP composites post cured at 70 and 150 0C along with the results 
available in the literature. Then the possible applications of this class of composite materials are discussed.               
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2. Materials and Methods 
In the present work dora hemp fibre obtained by retting and manual extraction method is dried under ambient 
conditions for long time i.e. thirty six months. Then the fibre at different fibre volume fractions is reinforced into the 
unsaturated polyester resin purchased from Ecmas resins Pvt. Ltd., Hyderabad to manufacture composites. The 
fabricated composites are heated at a temperature of 70, 100 and 150 0C in a NSW – 143 Oven Universal.   
The process conditions of the composites are given in Table 1. 
     Table 1. Process conditions of Hemp FRP Composites. 
Process condition Dried period of 
fibre (years) 
Post curing 
temperature of 
composites (0C) 
Time for curing 
(h) 
P1 3 70 2 
P2 3 100 2 
P3 3 150 2 
 
The sample of fibres from the group is selected to determine the fibre density by PICNOMETRIC procedure. The 
fabricated composites are tested to determine tensile, flexural properties as per ASTM D 638 – 10, ASTM D 790 – 
07 procedures using PC 2000 Electronic Tensometer. Tensile and flexural tests on the composites are conducted at a 
cross head speed of 2 mm/min. Computerized IZOD/CHARPY impact tester is used to perform Charpy impact test 
on the specimens. An average of five samples is taken for all the types of tests.   
3. Results and Discussion 
The density of dora hemp fibre is 1278.76 kg/m3. The density of green hemp with different L/D ratios (60 – 125) 
was varied as 1.14 – 1.22 g/cm3 [5]. After alkalization (6 % NaOH) hemp fibre had shown the bulk density of 
1465.9 kg/m3 whereas untreated hemp fibre possessed a value of 1449 kg/m3 [6]. So the dora hemp fibre used in the 
work is reasonably light weight and good strength.    
Tensile test specimens are tested to determine tensile strength and modulus and the graph is drawn against fibre 
volume fraction, shown in Fig. 1, 2. The highest value in tensile strength, modulus of 74.74 MPa and 778.52 MPa 
respectively is obtained for dora hemp FRP composites at P2. From the Fig. 1 it is evident that the tensile strength of 
the dora hemp FRP composites is increased with increase in fibre volume fraction except for the composites 
processed at P1, whose tensile strength is decreased beyond 12.04 % fibre volume fraction. 
A clear enhancement in tensile strength of 42.41 %, 41.74 % is observed for dora hemp FRP composites at P2 
than the other composites at maximum fibre volume fraction. Though the tensile modulus of the dora hemp FRP 
composites at P2 is low at starting volume fraction, it is increased after 12.53 % fibre volume fraction rapidly and is 
showed in the Fig. 2. The composites at P1 have shown decrease in tensile modulus beyond 6.63 % fibre volume 
fraction. In case of the composites at P3 the tensile modulus is decreased after the 11.67 % of the hemp fibre 
reinforcement in the polyester matrix. The maximum tensile modulus attained by the composites at P1, P3 is 584.55 
MPa and 711.88 MPa respectively at maximum fibre volume fraction.  
Andreas Keller [4], reported that the tensile strength of the PEA (co-polyesteramide) was increased by the 
reinforcement of 27 % vol. of steam exlosion fibres from 16.4 to 29.4 MPa. The ultimate tensile strength was varied 
for green hemp reinforced polyester composites due to manufacturing defects on the surface of the compressed 
molded plates, which may lead to premature tensile failure and causes scatter in the results, impurities like wood-
like core materials present in the untreated fibres acts as crack initiators or poor fibre, matrix adhesion which was 
clearly discussed by Rigoberto Burgueno et al. in their work on hemp FRP composites [5].    
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Fig. 1. Tensile strength of dora hemp FRP composites at various process conditions. 
 
.   
Fig. 2. Tensile modulus of dora hemp FRP composites at various process conditions. 
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All dora hemp FRP composites have shown increase in flexural strength with fibre content except the composites 
at P2, whose strength is decreased at 12.97 % Vf which is visible from Fig. 3. The flexural strength of the 
composites at P2 is 24.14 %, 56.88 % more when compared with the composites at P1 and P3 respectively at 
maximum volume fraction of the fibre. 
From Fig. 4 it is observed that the flexural modulus of all dora hemp FRP composites is increased with increase 
in fibre volume fraction. A clear increase in flexural modulus is seen in case of the composites at P2 and is 3.72 
times higher than the bare specimen. 
For various composites studied by Sharifah H. Aziz et al. [6], it was noticed that the treated hemp fibres for all 
the composite types gave superior modulus values when compared to the untreated fibre composites. Flexural 
moduli depend on the type of chemical bond between the fibre surface and resin matrix in the composite. 
Alkalization resulted in the improved mechanical interlocking and chemical bonding between the resin and the fibre 
and resulted in superior mechanical properties. It has been reported by several authors that modification of fibres 
improved the mechanical properties of composites. Pre-imprignation of cellulosic fibres in LDPE-xylene solution, 
silane treated fibres, benzoylation, polystyrene maleic anhydride coating and acetylation of fibre and 
cyanoethylation of fibres have been reported to improve fibre-matrix adhesion and hence the mechanical properties 
of natural fibre composites.     
 
 
Fig. 3. Flexural strength of dora hemp FRP composites at various process conditions. 
 
The Charpy impact strength of dora hemp FRP composites is increased with fibre content at P1, P2 and P3. The 
maximum impact strength of 27.81, 21.66, 7.83 kJ/m2 is achieved for the composites at P1, P2 and P3 respectively. 
A clear variation among processed composite specimens is visible from the Fig. 5. Sharifah H. Aziz at al. [6] 
explained that the long fibre composites gave better toughness compared to short fibre composites in general. In a 
treated fibre composite the interfacial friction stress between fibre and matrix is generally higher when compared to 
the untreated ones and this causes drop in toughness. Over and co-workers also suggested that the decrease in 
impact strength could be explained by assuming that a higher fibre matrix adhesion results in short average pull-out 
lengths and therefore causes lower impact strengths. In the present work of hemp FRP composites at P3 have shown 
very good interfacial bond which may result in decrease in its impact strength.     
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Fig. 4. Flexural modulus of dora hemp FRP composites at various process conditions. 
 
 
Fig. 5. Impact strength of dora hemp FRP composites at various process conditions. 
992   Nadendla Srinivasababu /  Procedia Engineering  97 ( 2014 )  986 – 993 
The sample of tensile, flexural and impact tested specimens is shown in Fig. 6, 7 and 8 respectively. The entire 
tensile tested specimens are failed due to tension only and are identified during the test. There is no pull out of fibre 
from the matrix is observed. During the flexural test all the specimens are failed at its outer most layers due to 
bending only.  
The type of failure due to Charpy impact test for all the tested specimens is designated as ‘C’ as per ASTM D 
6110 – 08. One of the specimens failed along its longitudinal axis after the notch during impact test which may be 
due to the existence of weak interface in that region.  
   
 
 
 
Fig. 6. Tensile tested dora hemp FRP composites at P2 reinforced with 16.83% Vf, no pull out of the fibre from the 
matrix is identified with reference to the marked region after the tensile test.  
 
Clear tensile failure 
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4. Conclusions  
The long time dried and long dora hemp fibres are successfully reinforced into polyester matrix to manufacture 
composites by hand lay-up technique. In overall post curing temperature of 100 0C is well suited in all the stages, 
evidenced from the experimental results. The fibre had shown good mechanical performance though it is used after 
36 months dried under ambient conditions. After thorough investigation of sorption, shear, compression and inter 
laminar properties of hemp FRP composites, they may be utilized in manufacturing door panel of an automobile, 
house hold applications.  
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Fig. 7. Flexural tested dora hemp FRP composites at 
P2 reinforced with 21.72 % Vf. Failure of the 
composites from the outer most layer is visualised.   
Fig. 8. Impact tested dora hemp FRP composites at 
P2 reinforced with 19.73 % Vf, ‘C’ type failure.  
Outer layer 
Failure along the longitudinal axis 
